Picrotoxin inhibition mechanism of a gamma-aminobutyric acid A receptor investigated by a laser-pulse photolysis technique.
The gamma-aminobutyric acid(A) (GABA(A)) receptor, a major inhibitory neurotransmitter receptor, belongs to a family of membrane-bound proteins that regulate signal transmission between approximately 10(12) cells of the nervous system. It plays a major role in many neurological disorders, including epilepsy. It is the target of many pharmacological agents, including the convulsant picrotoxin. Here, we present the mechanism of inhibition by picrotoxin of the rat alpha1beta2gamma2L GABA(A) receptor investigated using rapid kinetic techniques in combination with whole-cell current recordings. The following new results were obtained by using transient kinetic techniques, the cell-flow method and the laser-pulse photolysis (LaPP) technique with a microsecond to millisecond time resolution. (i) The apparent dissociation constant of picrotoxin for the open-channel form of the receptor was approximately 5 times higher than that of the closed-channel form. (ii) Picrotoxin increased the channel-closing rate constant (k(cl)) approximately 4-fold, while the rate constant for channel opening (k(op)) remained essentially unaffected. (iii) The mechanism indicates that picrotoxin binds to an allosteric site of the receptor with higher affinity for the closed-channel form than for the open-channel form and thereby inhibits the receptor by decreasing 4-fold its channel-opening equilibrium constant [Phi(I)(-)(1) = k(op(I))/k(cl(I))]. (iv) The mechanism further indicates that compounds that bind with equal affinity to the picrotoxin-binding site on the open-channel form of the receptor and the closed-channel form will not affect the channel-opening equilibrium and can, therefore, displace picrotoxin and prevent inhibition of the GABA(A) receptor by picrotoxin. Such compounds may be therapeutically useful in counteracting the effects of compounds and diseases that unfavorably affect the channel-opening equilibrium of the receptor channel.